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Title  40 — Protection  of  the  Environment 

CHAPTER  1 — ENVIRONMENTAL 
PROTECTION  AGENCY 

[FRL  695-2  J 

PART  87— CONTROL  OF  AIR  POLLUTION 
FROM  AIRCRAFT  AND  AIRCRAFT  ENGINES 

Supersonic  Aircraft 

Section  231  of  the  Clean  Air  Act,  as 
amended  by  Pub.  L.  91-604,  directs  the 
Administrator  of  the  Environmental 
Protection  Agency  to  establish  “stand¬ 
ards  i^plicable  to  emissions  of  any  air 
pollutant  from  any  class  or  classes  of  air¬ 
craft  or  aircraft  engines  which  in  his 
judgm^it  cause  or  contribute  to  or  are 
likely  to  cause  or  contribute  to  air  pollu¬ 
tion  which  endangers  the  public  health 
or  welfare.”  Regulations  ensuring  com¬ 
pliance  with  these  standards  are  re¬ 
quired  to  be  issued  by  the  Secretarj-  of 
Transportation  in  accordance  with  sec¬ 
tion  232  of  the  Act. 

Standards  were  promulgated  on  July 
17,  1973  (38  FR  19088)  which  specified 
limits  on  missions  from  classes  of  new 
and  Inuse  subsonic  aircraft  engines.  In 
addition,  the  preamble  to  those  regiUa- 
tions  stated:  “A  separate  class  has  been 
establi^ed  for  engines  which  power 
supersonic  aircraft.  Exhaust  emission 
standards  for  this  class  will  be  based  on 
the  best  available  combustor  design 
technology  expected  in  1979  and  later, 
but  with  due  consideration  for  the  in¬ 
herently  higher  emission  characteristics 
of  supersonic  aircraft  raigines  under 
landing/takeoff  cycle  conditions.  These 
standards  will  represent  the  same  level 
of  emissions  reduction  from  current 
simersonic  aircraft,  through  application 
of  the  same  types  of  combustor  design 
technology  as  will  be  required  of  sub¬ 
sonic  aircraft,  though  the  absolute 
hydrocarbon  and  carbon  monoxide  levels 
will  be  several  times  higher.” 

On  July  22,  1974,  a  notice  of  proposed 
rule  making  w'as  published  in  the  Fed¬ 
eral  Register  (39  FR  2665Jf>  which  de¬ 
scribed  standards  limiting  emissions 
from  supersonic  aircraft  engines.  The 
NPRM  proposed  a  range  of  standards 
applicable  to  newly  manufactured  en¬ 
gines  effective  January  1,  1979.  This 
range  of  values  reflected  differences  in 
estimates  of  technical  feasibility  among 
the  government  engineers  who  had  re¬ 
viewed  advanced  drafts  of  these  regula¬ 
tions.  The  preamble  to  the  NPRM  went 
on  to  state:  “The  level  of  the  standards 
to  be  ultimately  adopted  may  be  more 
or  less  stringent  than  the  range  of  values 
proposed,  depending  on  data  presented 
by  interested  parties  during  the  public 
comment  period  and  at  the  public  hear¬ 
ing  on  these  proposals.” 

The  final  standards  established  herein 
fall  within  or  above  the  range  proposed 
for  each  pollutant  and  are  levels  which 
one  of  the  manufacturers  of  the  engines 
which  power  the  Concorde,  Rolls  Royce 
Ltd.,  has  testified  could  be  met.  The  other 
manufacturer,  SNECMA,  testified  that 
comparable  emissions  levels  were 
achleveable  (allowing  for  differences  In 


measur^ent  methodology)  but  that  ad¬ 
ditional  time  should  be  permitted  before 
compliance.  Accordingly,  the  implemen¬ 
tation  date  for  the  standards  applicable 
to  newly  manufactured  engines  has  been 
shifted  from  January  1,  1979,  as  pro¬ 
posed,  to  January  1,  1980.  These  stand¬ 
ards  are  believed  to  be  the  most  stringent 
that  can  be  imposed  by  that  date.  They 
reflect  the  emission  control  technology 
currently  imder  development  and  ex¬ 
pected  to  be  available  to  the  SST  engine 
manufacturers.  The  standards  estab¬ 
lished  here  for  newly  certified  SST  en¬ 
gines  reflect  the  best  technology  expected 
for  subsonic  engines,  which  is  transfer¬ 
able  to  the  T5  class.  With  regard  to  the 
oxides  of  nitrogen  standard  for  newly 
certified  engines,  careful  evaluation  has 
led  EPA  to  the  conclusion  that  such  a 
level  is  attainable  without  reliance  upon 
water  injection.  Due  to  the  time  re¬ 
quired  to  incorporate  the  necessary 
technology  into  T5  class  engines,  the  date 
of  implementation  for  the  standards  ap¬ 
plicable  to  newly  certified  engines  has 
been  postponed  to  January  1,  1984. 

A  repwt,  “Alternative  Derivations 
the  Standards  for  T5  (Supersonic  Trans- 
ix>rt)  Cffass  Oas  Turbine  Aircraft  En¬ 
gines,”  AC-76-01,  which  describes  the 
derivation  of  the  standards  primiulgated, 
is  available  for  inspection  and  copying  at 
the  EPA  Public  Information  Reference 
Unit. 

The  basic  justification  for  emissions 
standards  applicable  to  aircraft  was 
stated  in  the  preamble  to  the  standards 
promulgated  on  July  17,  1973,  (38  FR 
19088)  as  follows: 

In  Judging  tbe  need  for  the  regulations, 
the  Administrator  has  determined  (1)  that 
the  public  health  and  welfare  is  endangered 
In  several  air  quality  control  regions  by 
violation  of  one  or  more  of  the  national 
ambient  air  quality  standards  for  carbon 
monoxide,  hydrocarbons,  nitrogen  oxides, 
and  photochemical  oxidants,  and  that  the 
public  welfare  is  Ukely  to  be  endangered 
by  smoke  emissions;  (2)  that  airports  and 
aircraft  are  now,  or  are  projected  to  be, 
significant  sources  of  emtssions  of  carbon 
monoxide,  hydrocarbons,  and  nitrogen  oxides 
in  some  of  the  air  quality  control  regions  in 
which  the  national  ambient  air  quality 
standards  are  being  violated,  as  well  as  being 
significant  sources  of  smoke;  and  therefore 
(3)  .that  maintenance  of  the  national  am¬ 
bient  air  quality  standards  and  reduced  im¬ 


pact  of  smoke  emissions  requires  that  air¬ 
craft  and  aircraft  engines  be  subject  to  a 
IMOgram  ot  c»ntrol  compatible  with  their 
significance  as  pollution  sources.  Accord¬ 
ingly.  the  Administrator  has  determined  that 
emissions  from  aircrcift  and  aircraft  engines 
should  be  reduced  to  the  extent  practicable 
with  jnveent  and  developing  technology. 

Therefore,  the  environmental  benefits 
of  this  sunendment  to  the  basic  standards 
will  be  to  Contribute  to  the  maintenance 
of  air.  quality  in  and  around  the  major 
air  terminals  for  international  routes 
w'hich  could  be  served  by  SST  aircraft. 
Chirrently,  the  Jc^n  F.  Kennedy  Airport 
in  New  York  has  the  most  international 
(H>erations  anuxig  major  United  States 
air  terminals.  The  projected  SST  i^iera- 
tlons  at  JFK  in  1990  (assuming  that 
unrestricted  use  <rf  SSTs  is  eventually 
piennitted)  are  approximately  50  land¬ 
ing/takeoff  cycles  per  day,  b^ed  on  an 
estimated  total  SST  population  of  150 
(this  can  be  compared  to  a  total  of  ap¬ 
proximately  800  landing/take-off  cycles 
per  day  for  all  aircraft).  Of  these  150 
SSTs,  it  is  assumed  that  40  would  be 
unregulated.  70  would  be  subject  to  the 
1980  standards,  and  40  would  be  subject 
to  the  1964  standards.  The  estimated 
emissimis  reductions  attributable  to  the 
standards  iqTpllcable  to  both  subsonic 
and  SST  airciuft  are  shown  in  Table  I. 
The  analysis  by<  which  this  estimate  was 
made  is  reported  in  “SST  Emissions 
Projecti<m,”  AC-76-03,  which  is  available 
at  the  EPA  Public  Information  Refer¬ 
ence  Unit. 

EPA  projects  that  the  technology 
capable  of  r^ucing  emissions  from  cur¬ 
rent  supersonic  (SST)  power  plants  will 
be  essentially  the  same  as  that  developed 
for  subsonic  piower  plants.  Therefore,  the 
research  already  in  progress  by  engine 
builders  and  directed  primarily  at  sub¬ 
sonic  aircraft  will  form  the  major  basis 
for  achieving  the  standards  promulgated 
herein,  sur^lemented  by  more  advanced 
research  suwxMrted  by  government  agen¬ 
cies  such  as  the  NASA,  U.S.  Air  Force, 
and  the  British  National  Gas  Turbine 
Establishment.  It  follow's  that  much  of 
the  technology  development  costs  appli¬ 
cable  for  meeting  these  standards  is  al¬ 
ready  absorbed  in  the  costs  estimated  for 
meeting  the  standards  applicable  to  sub¬ 
sonic  aircraft. 


T.^bi.e  i.  KmiHsiftnx  iintutvt  of  xupomonic  tranxport  aircraft  at  John  F.  KtnticJy 

Airport  in  1990 

(Ton*  tx  r  yoar) 


X’lMOiitroUfd  supersonic  aircrafl  omission::. 

Total  uncontrolled  aircraft  emission.s. , . 

Reduction  in  aircraft  emissions  due  to  staiu 
I’ercent  reduction  from  uncontrolled  fleet.. 
Reduction  in  aircraft  emissions  due  to  stan 
Percent  reduction  from  uncontrolled  fleet.. 
Reduction  in  aircraft  emissions  due  to  stand 
Percent  reduction  from  uncontrolled  fleet.. 


lie 

CO 

N'Ox 

..  3.300 
2, 100 

7,  n.50 
7,8.50 

3.200 

1,650 

.  5,400 

1.5,800 

4.2.‘4) 

..  i.too 

3,700 

0.50 

35 

23 

22 

..  1,300 

3, 050 

1.50 

24 

25 

4 

..  3,200 

7,6.50 

1,100 

5'J 

48 

26 

Note.— (1)  Estimate;  LMISST  aircraft  in  world  fleet;  .'iOLTO’s  per  day  at  JFK;  (2)  JFK  taxi-in  and  ii>\i  i/o;  n  o'li  s 
are  y  minutes  and  20  minutes  resitectively. 
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EPA  estimates  that  the  most  probable 
development  cost  is  $10  million  which 
represents  an  increase  of  $143,000  per 
aircraft  or  0.36%  of  the  purchase  price 
for  a  fleet  of  70  regulated  current  tech¬ 
nology  SST  aircraft.  EPA  estimates  that 
the  most  probable  operational  cost  peh^ 
alty  is  $5  per  hour  per  aircraft  due  to 
increased  maintenance,  a  0.3%  increase 
in  the  maintenance  and  depreciation 
cost.  The  extreme  estimates  for  the  de¬ 
velopment  cost  are  (1)  worst  case — $80 
million,  and  (2)  best  case — $8  million. 
The  extreme  estimates  for  the  opera¬ 
tional  costs  are  (1)  worst  case — $24  per 
hour  and  $15  per  hour  for  fuel  and  main¬ 
tenance  respectively,  (2)  best  case — ^no 
penalty  for  either  fuel  or  maintenance. 
The  large  disparity,  between  the  most 
optimistic  and  most  pessimistic  analysis, 
especially  with  regard  to  the'  develop¬ 
ment  costs,  results  largely  from  the 
absence  of  substantive  information  from 
the  manufacturers  on  this  matter. 

As  required  by  section  231  of  the  Act, 
the  Administrator  held  public  hearings 
with  respect  to  the  proposed  aircraft 
emission  standards.  One  was  held  in  Bos¬ 
ton,  Massachusetts,  on  November  14, 
1974,  and  another  in  Los  Angeles,  Cali¬ 
fornia  on  November  26,  1974.  Testimony 
was  presented  at  these  hearings  by 
eleven  organizations,  including  domestic 
and  foreign  manufacturers  of  aircraft 
and  aircraft  engines.  Governmental 
groups,  environmental  groups  and  uni¬ 
versities.  Additional  detailed  comments 
were  provided  prior  to  the  hearings  by 
fourteen  organizations.  A  detailed  analy¬ 
sis  of  this  information  has  been  made 
and  is  available  for  inspection  and  copy¬ 
ing  at  the  EPA  Public  Information  Ref¬ 
erence  Unit. 

Several  commenters  stated  that  stand¬ 
ards  applicable  to  SST  Aircraft  should 
be  set  by  the  International  Civil  Aviation 
Organization  (ICAO)  and  not  by  EPA  be¬ 
cause  of  the  international  character  of 
SST  flight  operations.  EPA  intends  to 
cooperate  fully  with  the  ICAO  in  the  de¬ 
velopment  of  international  standards  for 
control  of  emissions  from  all  classes  of 
aircraft.  Nevertheless,  in  order  to  ful- 
flU  EPA’s  responsibility  under  the  Clean 
Air  Act,  it  is  necessary  to  minimize  emis¬ 
sions  from  aircraft  of  both  United  States 
and  foreign  registry.  Moreover,  to  exempt 
foreign  aircraft  would  be  unfair  to  do¬ 
mestic  air  carriers.  Therefore,  these 
standards  will  apply  to  aircraft  of  for¬ 
eign  registry  until  such  time  as  the  ICAO 
has  promulgated  regulations  of  at  least 
equivalent  stringency.  At  that  time  con¬ 
sideration  can  be  given  to  applicability 
of  ICAO  standards  to  aircraft  of  foreign 
registry  while  the  EPA  standards  would 
continue  to  apply  to  aircraft  of  United 
States  registry. 

Representatives  of  environmental 
groups  and  state  and  local  governments 
commented  that  SST  aircraft  should  be 
required  to  meet  the  same  standards  as 
are  applicable  to  subsonic  aircraft.  How¬ 
ever,  the  Clean  Air  Act  authority  relating 
to  aircraft  emission  standards  Introduces 
the  term  “class  or  classes  of  aircraft  or 
aircraft  engines’*  in  section  231(a)(2). 
Later  it  is  stated  In  section  231(b)  that 
“any  regulation  prescribed  under  this 


section  (and  any  revision  thereof)  shall 
take  effect  after  such  period  as  the 
Administrator  flnds  necessary  (after  con¬ 
sultation  with  the  Secretary  of  Trans¬ 
portation)  to  i>ermit  the  development 
and  application  of  the  requisite  technol¬ 
ogy,  giving  appropriate  consideration  to 
the  cost  of  compliance  within  such  pe¬ 
riod.”  Accordingly,  EPA  has  determined 
that  SST  aircraft  constitute  a  discrete 
class  of  aircraft  under  the  terms  of  the 
Clean  Air  Act  and  that  the  standards 
to  be  pronlulgated  should  be  achievable 
by  this  class  using  reasonably  available 
technology  and  at  reasonable  cost.  En¬ 
gines  powering  SST  aircraft  are  required 
to  incorporate  design  features  which  are 
necessitated  by  supersonic  flight,  but 
w'hich  are  detrimental  to  the  achieve¬ 
ment  of  emissions  as  low  as  those  from 
subsonic  aircraft  during  ground  opera¬ 
tions  and  low  speed  flight  in  the  vicinity 
of  metropolitan  airports.  Unfortunately, 
these  features  are  important  to  achieve¬ 
ment  of  good  fuel  consumption  charac¬ 
teristics  during  supersonic  cruise  at  high 
altitudes  and  therefore  cannot  readily 
be  compromised.  Such  features  include: 

1.  Use  of  afterburners  for  thrust  aug¬ 
mentation  at  takeoff  and  climb  out,  to 
overcome  the  inherently  poor  aerody¬ 
namic  characteristics  of  the  aircraft  dur¬ 
ing  subsonic  flight. 

2.  Limitation  to  relatively  low  pressure 
ratios  so  as  to  avoid  excessive  compres¬ 
sor  discharge  temperatures  during  super¬ 
sonic  flight. 

3.  Use  of  pure  turbojets  or  very  low 
bypass  ratio  tm-bofan  operating  cycles 
so  as  to  provide  adequate  thrust  and  fuel 
efficiency  and  to  avoid  the  excessive 
weight  and  aerodynamic  drag  which 
would  be  caused  by  large  diameter  high 
b3T)ass  ratio  engines,  of  the  tsre  which 
produce  superior  fuel  consumption  char¬ 
acteristics  at  subsonic  flight  speeds. 

Because  of  these  considerations,  SST 
aircraft  meeting  the  standards  promul¬ 
gated  herein  will  still  emit  approximately 
four  times  more  pollutants  than  will 
comparable  subsonic  aircraft.  Com¬ 
pounding  this  problem  is  the  fact  that 
a  sizeable  percentage  of  the  SST  fleet 
through  1990  will  consist  of  aircraft  pro¬ 
duced  prior  to  the  1980  date  of  effective¬ 
ness  of  Uie  standards  (at  least  27  % ) .  The- 
table  below  compares  the  emissions  con¬ 
tributions  of  regulated  and  unregiilated 
SSTS  and  commercial  subsonic  aircraft. 

Emissions  in  pounds  per  aircraft  per  EPA 
landing /takeoff  (LTO)  cycle 


Concorde  (SST)  Boeing  747 


Unregulated; 


HC .  10.5  .50 

CO .  800  185 

NOx .  105  125 

Regulated: 

HC .  45  15 

CO .  3«0  65 

NOi .  no  45 


Because  of  this  situation,  EPA  recog¬ 
nizes  the  need  for  this  regulation  to  be 
supplemented  by  the  implementation  of 
ground  operational  procedures  such  as 
towing  the  aircraft  from  the  gate  to 
the  runway  or  holding  the  aircraft  at 
the  gate  (with  propulsion  engines  off) 


until  the  runway  is  clear  for  taxi  out 
and  non-delayed  takeoff.  The  implemen¬ 
tation  of  such  procedures  would  further 
reduce  SST  aircraft  emissions  (about 
30%  to  70%  for  hydrocarbons,  25%  te 
55%  for  carbon  monoxide,  and  4%  to  9% 
for  oxides  of  nitrogen)  and  save  signifi¬ 
cant  quantities  of  fuel  as  well,  about  160 
to  290  gallons  per  landing/takeoff  cycle. 
The  EPA  strongly  encourages  local  air¬ 
port  authorities  and  airlines  to  work  with 
the  Federal  Aviation  Administration  to 
implement  effective  ground  operational 
control  programs  for  SST  aircraft  as 
soon  as  is  practicable  after  the  intro¬ 
duction  of  SST  commercial  service  into 
the  United  States.  In  the  absence  of 
such  improved  procedures,  the  EPA  may 
have  to  consider  alternative  strategies 
of  reducing  the  SST  aircraft  emissions, 
if  their  numbers  grow  significantly  in 
later  years. 

Many  comments  referred  to  the  poten¬ 
tial  impact  of  NOx  emissions  on  ozone 
depletion  during  very  high  altitude 
cruising  conditions,  going  on  to  suggest 
that  EPA  should  promulgate  standards 
to  protect  against  this  type  of  problem. 
EPA  recognizes  that  high  altitude  flight 
by  supersonic  aircraft  (and  to  a  lesser 
extent  by  subsonic  aircraft)  may  have 
detrimental  effects  on  the  upper  atmos¬ 
phere.  The  work  recently  ^concluded  in 
the  Department  of  Transportation  Cli¬ 
matic  Impact  Assessment  Program  in¬ 
dicates  to  EPA  that,  if  stratospheric 
flights  by  SST  and  other  aircraft  in¬ 
crease  significantly,  reductions  in  their 
emissions  of  oxides  of  nitrogen  during 
stratospheric  cruising  conditions  may  be 
necessary.  During  the  public  hearings 
there  was  a  predominance  of  testimony 
arguing  in  favor  of  controlling  emissions 
in  the  upper  atmosphere.  EPA  is  con¬ 
tinuing  its  investigation  of  the  need  and 
feasibility  of  controlling  cruise  emis¬ 
sions  and  intends  to  consider  additional 
rule  making  for  such  control  from  both 
subsonic  and  supersonic  aircraft  as  nec¬ 
essary  to  aid  in  the  preservation  of  the 
ozone  layer.  Issuance  of  the  present 
standards  does  not  preclude  a  future 
standard  for  the  emission  of  oxides  of 
nitrogen  at  cruise  and,  in  fact,  the 
standards  for  newly  certified  engines  are 
expected  to  reduce  the  NOx  emissions 
at  cruise  below  that  found  in  the  present 
aircraft.  Further,  EPA  has  decided  that 
the  newly  certified  engine  standard  to 
limit  the  oxides  of  nitrogen  emissions 
should  be  set  so  as  to  preclude  the  neces¬ 
sity  of  water  injection  as  a  means  of  com¬ 
pliance.  The  development  of  a  low  NOx 
“dry”  (l.e.,  with  no  water  injection)  com¬ 
bustor  for  high  power  departure  from  the 
airport  should  lead  to  low  NOx  emissions 
through  the  entire  power  range  except, 
perhaps  for  idle.  Such  a  combustor 
should  emit  low  levels  of  NOx  at  cruise 
as  well  as  during  departure. 

On  February  4,  1976,  the  Secretary  of 
Transportation  announced  his  decision 
to  permit  limited  scheduled  service  to  the 
United  States  of  Concorde  SST  aircraft. 
In  his  statement,  he  Indicated  that  “I 
shall  also  request  the  Secretary  of  State 
to  Initiate  discussions  through  the  ICAO 
and  the  World  Meteorological  Organlza- 
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tkm  on  the  development  of  Internatlimal 
strato^thcsic  standards  for  the  88T.** 
The  EPA  Intends  to  continue  its  partici¬ 
pation  In  the  work  of  the  ICAO  and  to 
participate  actively  in  the  discussions  cm 
the  devel(vment  of  international  stand¬ 
ards  applicable  to  emissions  from  SST 
aircraft  imder  high  altitude  cruising  con- 
diticms.  Ihe  EPA  believes  that  in  light 
of  the  global  nature  of  the  impacts  from 
stratospheric  flights  by  SST  aircraft,  in¬ 
ternational  standards  may  be  most  ap¬ 
propriate  in  this  area. 

Emission  control  technology  currently 
imder  development  for  newly  manufac¬ 
tured  engines  will  not  reduce  the  NOx 
level  at  high  power  departure  sufficiently 
to  Improve  NOx  levels  at  cruise.  Thus, 
the  NOx  standard  for  newly  manufac¬ 
tured  engines,  although  met  by  newly 
manufactured  engines  after  January  1, 

1980,  will  not  be  significant  in  controlling 
NOx  emissions  at  cruise.  The  necessary 
technology  for  fiuther  reduction  of  NOx 
can  not  be  Implemented  by  the  compli¬ 
ance  date  chosen  for  newly  manufac¬ 
tured  engines  of  existing  design.  The 
1980  newly  manufactured  engine  stand¬ 
ards  represent  a  compromise,  to  obtain 
at  least  some  control  of  emissions  in  the 
shortest  time  possible. 

Engine  manufacturers  commented  that 
the  standards  proposed  did  not  fully 
allow  for  the  basic  differences  in  oper¬ 
ating  cycles  between  SST  and  subsonic 
engines,  thereby  .only  partly  responding 
to  EPA*s  express^  intentions  in  the  pre¬ 
amble  to  the  luroposed  standards.  Some 
of  the  commenters  also  stated  that  more 
time  should  be  allowed  for  compliance. 

These  comments  have  been  considered 
in  formulating  the  standards  promul¬ 
gated  herein,  which  now  allow  for  all 
necessary  technological  and  cost  consid¬ 
erations  inherent  in  modifying  the  de¬ 
sign  of  the  combustion  sectiims  of  pres¬ 
ent  design  SST  oigines,  such  as  those 
which  hower  the  Concorde  aircraft.  This 
is  described  more  completely  in  Report 
AC-76-01,  referenced  earlier  and  avail- 
ablfe  in  the  EPA  public  information  ref¬ 
erence  unit. 

The  1984  standards  for  newly  certified 
engines  reflect  a  basic  change  from  the 
values  pressed  in  the  NPRM.  In  the 
preamble  to  the  NPRM,  EPA  stated,  “For 

1981,  the  proposed  levels  of  newly  certi¬ 
fied  engines  assume  that  such  engines 
will  be  required  to  achieve  noise  levels 
which  will  dictate  engine  cycles  for  which 
the  indicated  emissions  are  entirely  fea¬ 
sible.  Specifically,  afterburning  is  not 
expected  to  be  used  for  thrust  augmenta¬ 
tion  during  takeoff  for  second  generation 
SST  powerplants.”  Commenters  uni¬ 
formly  agreed  that  SST  engine/airframe 
systems  ixtssessing  the  requisite  technol¬ 
ogy  to  meet  the  proposed  standards  (such 
as  variable  eyede  engines,  swing  wing  air¬ 
craft,  etc.)  could  not  be  employed  for 
the  second  generation  SST  aircraft. 
Without  such  advances.  It  becomes  very 
likely  that  the  features  characteristic  of 
the  first  generation  will  likely  be  foimd 
also  in  the  second,  specifically  (1)  after¬ 
burners,  (2)  moderate  pressure  ratios, 
and  (3)  low  bypass  ratios.  Tliese  features 
win  ocmtlnue  to  be  the  cause  of  airport 
emlsshms  fn»n  SSTs  that  are  hiidier 
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than  found  In  advanced  subsonic  air¬ 
craft  The  1984  standards  herein  ad(v>ted 
reflect  this  situation.  They  do.  nonethe¬ 
less,  require  the  same  levd  of  technologi¬ 
cal  advance  within  the  combustor  as  re¬ 
quired  of  newly  certified  (commercial) 
subsonic  engines.  Further  stringency  in 
the  standards  would  likely  require  a  com- 
pr<»nise  in  the  design  features  of  the 
engine  which  would  have  the  effect  of 
increasing  the  fuel  consumption  at  alti¬ 
tude.  Since  this  would  increase  the  cruise 
emissions  which  is  contrary  to  EPA’s 
intent,  this  additional  stringency  is 
rejected. 

It  is  understood  that  research  on  very 
advanced  candidate  propulsion  systems 
for  future  generations  of  SST  aircraft 
include  several  which  would  operate  at 
higher  pressure  ratios  during  the  low  al¬ 
titude  portions  of  their  mission  than 
those  engine  designs  upon  which  these 
standards  are  based.  While  the  emissions 
cluuacteristics  of  such  high  pressure  ra¬ 
tio  SST  oiglnes  cannot  be  predicted  with 
certainty  at  this  time,  it  would  be  ex¬ 
pected  that,  with  given  combustor  design 
technology,  their  nitrogen  oxides  emis¬ 
sions  might  be  higher  and  their  hydro¬ 
carbon  and  carbon  monoxide  emissions 
lower  than  the  levels  promulgated  here¬ 
in.  The  EPA  recognizes  that  in  so  dyna¬ 
mic  a  field  as  aircraft  engine  develop¬ 
ment  it  will  be  necessary,  from  time  to 
time,  to  review  existing  emission  stand¬ 
ards  for  the  purpose  of  determining  their 
impact  on  the  feasibility  of  utilizing 
technology  that  may  not  have  been  avail¬ 
able  when  the  standards  were  formu¬ 
lated.  As  a  result  of  the  current  NASA 
work,  or  other  future  developments,  tech¬ 
nology  may  become  available  that  for 
fuel  consumption  or  other  performance 
factors  is  clearly  superior  but  that  can¬ 
not  meet  promulgated  emission  stand¬ 
ards.  In  that  case  all  of  the  relevant  is¬ 
sues  will  be  reconsidered  by  EPA  in  the 
context  of  all  technical  and  environmen¬ 
tal  data  then  available,  and  a  decision 
made  by  the  Administrator  that  is  ap¬ 
propriate  on  the  basis  of  the  new  infor¬ 
mation. 

It  is  recognized  that  most  SST  aircraft 
engines  will  utilize  afterburners  during 
the  takeoff  mode  of  operation,  and  fur¬ 
ther,  it  is  recognized  that  the  emissions 
measurement  procedure  of  Subpart  O  Is 
not  applicable  to  the  afterburning  mode 
of  SST  engine  operation  (take-off  mode 
only) .  Since  a  uidformly  acceptable  mea¬ 
suring  technique  has  not  been  estab¬ 
lished  for  afterburning  operation.  Sub¬ 
part  G  has  been  amended  to  allow  peti¬ 
tion  to  EPA  for  a  variance  in  the  pre¬ 
scribed  procedure  for  such  testing. 

As  required  by  Section  231  of  the  Clean 
Air  Act,  the  effective  date  of  these  stand¬ 
ards  allows  for  the  time  necessary  to 
“permit  the  development  and  ai^lica- 
tion  of  the  requisite  technology,  giving 
apprc^rlate  consideration  to  the  cost  of 
compliance  within  such  period.”  In  this 
respect  EPA’s  actions  regarding  SST 
emissions  differ  from  its  actions  regard¬ 
ing  SST  noise.  EPA  has  recommended 
(41  FR  6270,  Feb.  12,  1976)  that  all  SST 
aircraft  comply  with  the  same  noise 
standards  as  apply  to  subsonic  aircraft. 


without  consideration  of  technedogy  and 
cost  of  compliance.  This  recommenda¬ 
tion  was  based  upon  the  requirement  of 
Seetion  7  of  the  Noise  Control  Act  that  a 
proposed  standard  submitted  to  the  FAA 
by  the  EPA  “provide  such  control  and 
abatement  through  the  exercise  of  any 
of  the  FAA’s  regulatory  authority  (over 
air  commerce  or  transportation  or  over 
aircraft  or  aircraft , operations)  as  EPA 
determines  is  necessary  to  protect  the 
public  health  and  welfare.” 

It  is  Intended  that  the  attainment  of 
any  standmds  proposed  herein  not  result 
in  the  increased  emission  of  any  sub¬ 
stance  for  which  a  standard  is  not  pro¬ 
posed  if  such  emission  could  endanger 
public  health  or  welfare.  The  Adminis¬ 
trator  intends  to  remain  Informed 
throughout  engine  and  aircraft  develop¬ 
ment  and  certification  programs  to  per¬ 
mit  him  to  determine  at  the  earliest  pos¬ 
sible  time  if  the  emission  of  a  substance 
is  likely  to  endanger  the  public  health  or 
welfare.  Therefore,  the  Administrator 
may  subsequently  publish  in  the  Federal 
Register  a  list  of  those  substances  whose 
emissions  are  likely  to  increase  as  a  re¬ 
sult  of  the  Installation  or  incorporation 
of  any  system  or  component,  including 
fuel  additives  designed  to  enable  an  air¬ 
craft  or  aircraft  engine  to  conform  to  any 
prescribed  standard.  In  the  event  such  a 
list  of  sutetances  is  so  published,  appro¬ 
priate  testing  and  sampling  methods 
and/or  analytical  techniques  will  be  pro¬ 
pose  under  the  normal  rule  making  pro¬ 
cedures  after  consultation  with  the  De¬ 
partment  of  Transportation. 

The  standards  contained  in  this  notice 
are  being  promulgated  after  consultation 
with  the  Secretary  of  Transpgrtatlon  in 
order  to  assure  appropriate  consideration 
of  aircraft  safety.  However,  the  Depart¬ 
ment  of  Transportation  has  advised  that 
it  is  impossible  to  make  conclusive  Judg¬ 
ments  as  to  the  effects  of  an  emission 
standard  on  aircraft  safety  until  engines 
designed  to  meet  that  standard  have 
been  developed,  constructed,  and  tested. 
Therefore,  there  will  be  continuing  con¬ 
sultation  on  this  issue  between  this 
Agency  and  that  Department.  Should  the 
Secretary  of  Transportation  determine 
at  any  point  that  an  emission  standard 
cannot  be  met  within  the  specified  time 
without  creating  a  safety  hazard,  ap¬ 
propriate  modifications  will  be  made  to 
that  standard  or  to  its  effective  date. 

(Sec.  231  of  the  Clean  Air  Act,  as  amended 
(42UA.C.  1867f-9)) 

Effective  date :  This  amendment  takes 
eff^t  on  September  15, 1976. 

Dated:  August  10, 1976. 

Russell  E.  Train, 
Administrator. 

Subparts  C  and  G  of  Part  87  of  Title 
40  of  the  Code  of  Federal  Regulations 
are  amended  as  follows: 

Subpart  C— Exhaust  Emissions  (New 
Aircraft  Gas  Turbine  Engines) 

In  !  87.21,  paragraphs  (d)  and  (e) 
are  revised  as  follows : 

§  87.21  Staadarda  for  exhaust  emissions. 

•  •  s  s  • 
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(d)  Exhaust  emissions  from  each  air-  specified  below  manufactured  on  or  after 
craft  gas  turbine  engine  of  the  classes  the  dates  Indicated  shall  not  exceed: 


(1)  Class  T1  (January  1, 1979) : 


•  •  •  • 

(3)  Class  T2,  T3,  T4  (January  1. 1979) : 


•  • 

(3)  Class  P2  (January  1, 1979) : 

•  • 

(4)  Class  T8  (January  1, 1980) : 

(I)  Hydrocarbons _ 

(II)  Carbon  Monoxide _ 

(III)  Oxides  of  nitrogen _ 

(Iv)  Smoke _ 


3.9  pounds/1,000  pound-thrust  hoius/cycle. 
30.1  pounds/ 1,000  pound-thrust  hours/cycle. 
9.0  pounds/ 1,000  pound-thrust  hours/cycle. 
Smoke  number  from  Figure  1. 


(5)  The  smoke  number  for  each  en¬ 
gine  shall  be  determined  by  obtaining 
the  smoke  number  correspionding  to  the 
engine  rated  power  from  Figure  1  for 
turbofan  or  turbojet  engines  and  Figure 
2  for  turboprop  engines. 


(e)  Exhaust  emissions  frem  each 
newly  certified  aircraft  gas  turbine  en¬ 
gine  of  the  classes  specified  below  manu¬ 
factured  on  or  after  the  dates  indicated 
shall  not  exceed: 


(1)  ClassT2,T3,  or  T4  (January  1, 1981) : 

(I)  Hydrocarbons _  0.4  pound/ 1,000  pound-thrust  hours/cycle. 

(II)  Carbon  monoxide _  3  pounds/ 1,000  pound-thrust  hours/cycle. 

(III)  Oxides  of  nitrogen _  Do. 

(Iv)  Smoke _  Smoke  number  from  Figure  1. 

(2)  Class  T5  (January  1, 1984) : 

(I)  Hydrocarbons _  1.0  pound/1,000  pound-thrvist  hours/cycle. 

(II)  Carbon  monoxide _  7.8  pounds/1,000  pound-thrust  hours/cycle. 

(lU)  Oxides  of  nitrogen _  5.0  pounds/1,000  pound-thrust  hours/cycle. 

(Iv)  Smoke _  Smoke  number  from  Figure  1. 


Subpart  G — ^Test  Procedures  for  Engine  Ex¬ 
haust  Gaseous  Emissions  (Aircraft  and 
Aircraft  Gas  Turbine  Engines) 

1.  In  §  87.62,  paragraph  (a)  is  revised 
as  follows: 

§  87.62  Test  prweclure  (propuKiiin  en-' 
gines) . 

(a)(1)  The  engme  shall  be  tested  in 
each  of  the  following  engine  operating 
modes  which  simulate  aircraft  cqieration 
to  determine  its  mass  emission  rates. 

Actual  power  setting,  that  when  cor¬ 
rected  to  standard  day  conditions,  corre¬ 
sponds  to  the  following  percentage  of 
rated  power,  (rated  power  includes  the 
reheat  contribution  and  thrust  aug¬ 
mentation  due  to  water  injection,  if  ap¬ 
plicable)  : 


Class  T1  Class  T2,  Class 


Mods  or  P2  T3,  or  T4  T6 


T^lAdls  (out) .  0)  (')  0) 

Takeoff .  •  100  100  100 

Climbout .  !t0  8.5  f/) 

Descent .  NA  NA  '  ir> 

Approach .  30  30  34 

Tail/idle  (in) .  0)  O  (') 


>  See  subpar.  (2)  of  this  paragraph. 

2.  In  5  87.64,  paragraph  (c)  (1)  (ii)  (d) 
is  revised  and  a  new  paragraph  (c)  (3)  is 
added  as  follows: 

§  87.64  Sampling  and  analytical  system 
for  measuring  exhaust  emissions. 

•  •  •  •  • 

(C)  •  •  • 

(!)••• 

I 


(ii)  •  *  ♦ 

(d)  The  axial  sampling  plane  shall  be 
as  close  to  the  plane  of  the  exit  nozzle  as 
engine  performance  parameters  permit 
but  in  any  case,  shall  be  within  one  exit 
nozzle  diameter  of  the  exit  plane,  except 
for  engine  operating  modes  which  em¬ 
ploy  reheat  (afterbiuming) . 

•  *  •  •  * 

(3)  Sampling  system  for  use  with  re¬ 
heat  (afterburning) .  For  engines  which 
employ  reheat,  a  sampling  system  se¬ 
lected  by  the  manufacturer  may  be  used 
for  tests  during  afterburner  (reheat) 
operation  if  shown  to  yield  representa¬ 
tive  results  and  If  approved  in  advance 
by  the  Administrator. 

•  •  •  •  • 

3.  In  §  87.70,  paragraph  (d)  is  revised 
as  follows: 

§  87.70  Calculations. 

•  •  •  •  • 

(d)  The  time  in  mode  (TIM)  shall  be 
as  specified  below: 


Times  In  mode 
(minutes) 

Class  T1 
orP2 

Class  T2, 
T3,  or  T4 

Class 

T5 

(1)  Tazl/ldle  (out) . 

19.0 

19.0 

19.0 

(2)  Takeoff . 

.5 

.7 

1.2 

(3)  CUmbout . 

2.5 

2.2 

2.0 

(4)  Descent . 

NA 

NA 

1.2 

(5)  Approach . 

4.5 

4.0 

2.3 

(6)  Taxi/idle  (in) . 

7.0 

7.0 

7.0 

(Sec.  11  (a)  (1),  Pub.  L.  91-604,  84  Stat.  1703 
(42  UJ3.C.  1867f-9)  ) 
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